Introduction {#Sec1}
============

The loss of the posterior maxillary teeth often results to insufficient bone volume owing to the resorption of the alveolar bone and the pneumatization of the maxillary sinus. Such conditions frequently do not allow to perform an oral rehabilitation of the region by means of implants. In order to increase the bone volume to make the installation possible, sinus floor elevation procedures have been proposed \[[@CR1]\]. One of the most used and predictable techniques includes the sinus floor augmentation through an osteotomy in the lateral wall of the sinus \[[@CR2], [@CR3]\].

Nevertheless, the bleeding within the elevated space and the inflammatory phenomena (edema) associated with these procedures result in a transient additional elevation of the Schneiderian membrane besides that obtained with the filler material \[[@CR4]--[@CR11]\]. The detachment of the sinus mucosa from its bed, together with the edema and bleeding that follows the surgical intervention, also carries a risk of damage to the ciliated epithelium that might impair the mucociliary clearance \[[@CR12]--[@CR14]\]. This transient edema and bleeding might also lead to a reduction of the patency of the ostium that might predispose to a development of sinusitis \[[@CR15]\].

Volumetric changes after the elevation of the sinus floor using different types of filler materials were evaluated using cone-beam computerized tomographies (CBCTs) \[[@CR7], [@CR9]--[@CR11], [@CR15], [@CR16]\]. In those studies, the changes in the thickness of the sinus mucosa were also analyzed. In a clinical study, the patency of the maxillary sinus ostium (MSO) was reported \[[@CR15]\]. However, no evaluations were performed about the extension of the edema towards the MSO, the level of the involvement of the MSO, and the outcome after the surgical treatment.

Hence, the aim of the present study was to evaluate the involvement of the maxillary sinus ostium in the edematous processes after a sinus floor augmentation procedure.

Material and methods {#Sec2}
====================

Informed consent was obtained from all participants at the time of surgery. The present observational retrospective study followed the STROBE checklist and was approved by the Ethical Committee of the University Corporation Rafael Núñez, Cartagena de Indias, Colombia (protocol \# CURN-0002-CE282020). The present study has been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans.

Participants {#Sec3}
------------

The eligibility criteria were the following: (i) patients that received sinus floor augmentation; (ii) availability of a CBCT before sinus floor augmentation, and after 1 week and 9 months; and (ii) anatomical structures to be analyzed clearly visible and measurable for all CBCTs.

Patients' treatments were performed at the University Corporation Rafael Núñez, Cartagena de Indias, Colombia.

CBCT imaging procedures {#Sec4}
-----------------------

Three cone-beam computed tomographies (CBCTs) were taken in the same radiological specialistic center before sinus floor augmentation (baseline T0), after 1 week (T1w) and after 9 months (T9m) from surgery, respectively. A 3D Accuitomo 170 Tomograph (J Morita Corporation, Kyoto, Japan) was used. The CBCT images were recorded at 80 kV and 8 mA, FOV 77.125;77.125;74.000. The 3D reconstruction was performed with slices at an interval of 1.0 mm with a basic voxel size of 0.125 mm.

Data source and measurements on the CBCT images {#Sec5}
-----------------------------------------------

The CBCT analyses were made using the i-Dixel 2.0 software (J. Morita Corporation, Kyoto, Japan). The nose floor was selected as a reference plane for both the coronal (*X*-axis; Fig. [1](#Fig1){ref-type="fig"}), and the lateral views (*Z*-axis; Fig. [2](#Fig2){ref-type="fig"}). A line crossing the anterior nasal spine and the nasal septum was used as a vertical reference plane in the coronal view \[[@CR9], [@CR10], [@CR17]\]. Fig. 1Coronal view of tomographic images of a maxillary sinus before surgery (**a**), and after 1 week (**b**) and 9 months (**c**). *X*-axis, nose floor in the coronal view; X-AM, area of the sinus mucosa (delimited by dotted green lines); IL, infundibulum length; OD, maxillary sinus ostium diameter; F, sinus floor; X-F, distance between *X*-axis and F; X-O, distance between *X*-axis and maxillary sinus ostium. Yellow arrows, positions of the measurements of the thickness of the mucosaFig. 2Lateral view of tomographic images of a maxillary sinus before surgery (**a**), and after 1 week (**b**) and 9 months (**c**). *Z*-axis, nose floor in the lateral view; Z-AM, area of the sinus mucosa (delimited by dotted green lines); mesial extension and distal extension, the vertical extension of the edematous mucosa at the mesial and distal aspects in relation to *Z*-axis, respectively

Various parameters (Table [1](#Tab1){ref-type="table"}) were evaluated in the section intersecting the MSO in the coronal view (Fig. [1](#Fig1){ref-type="fig"}) and in lateral view (Fig. [2](#Fig2){ref-type="fig"}). The virtual sinus mucosa thickness and area included the real sinus mucosa and the clot/edema present after surgery and possible pathologies present before and after surgery. The evaluations were performed in the coronal section (Y slice image) corresponding to the center of the ostium. The thickness of the mucosa was measured in three positions at the baseline, i.e., at the bottom of the sinus and in a middle position between the bottom on the sinus and the *X*-axis, both at the medial and lateral walls. In the 1-week CBCTs and 9-month CBCTs, the thickness was measured in three positions about equidistant between the two angles formed by the sinus mucosa lining on the elevate space and that on the medial and lateral sinus walls (Fig. [1](#Fig1){ref-type="fig"}). The mean values of the three measurements were recorded for each period. The patency of the infundibulum was evaluated moving back and forth the field of view on the *Y*-axis. A similar procedure was performed for the evaluation of accessory ostia. Table 1Parameters evaluated on the CBCTs at the various periodsT0 - Coronal viewDistance between the maxillary sinus ostium (MSO) to the *X*-axis.Distance between MSO to the floor of the maxillary sinus.The maxillary infundibulum length, included between the maxillary sinus ostium and the hiatus semilunaris.The diameter and position of accessory maxillary ostia (ASO).T0, T1w, T9m - Coronal viewThe diameter of the MSO.Patency of the infundibulum evaluated as the number of obstructions.Virtual mucosa thickness evaluated as the distance between bone/biomaterial and the outer contour of the sinus mucosa.Virtual area of the sinus mucosa. The limits of the areas measured were defined by the extension of the edema in the 1-week CBCT. In the palatal aspect, the maximum limit of the measurements of the edema was placed at the base of the ostium. In the lateral aspect, this limit was defined by the field of view that cut the image in this region.T1w, T9m - Coronal viewDistance between the vertical extension of the edematous mucosa and the MSO.T0, T1w, T9m - Lateral viewVirtual area of the sinus mucosa. The limits of the areas measured were defined by the extension of the edema in the 1-week CBCT. The maximum limit of the measurements of the edema was the intersection of the superior wall with the mesial and distal sinus walls, respectively.T1w, T9m - Lateral viewThe vertical extension of the edematous mucosa at the mesial and distal aspects in relation to *Z*-axis.*T0* before surgery, *T1w* after 1 week, *T9m* after 9 months, *MSO* maxillary sinus ostium

Control of biases and statistical methods for data analysis {#Sec6}
-----------------------------------------------------------

The CBCT assessments were performed by a calibrated examiner (KAAA) with an intra-examiner coefficient *k* \> 0.9 for all variables. The intra-reproducibility of the measurements was facilitated using well-defined landmarks for all patients \[[@CR9], [@CR10], [@CR17]\]. Two measurements were made for each variable, and mean values were calculated. Mean values, standard deviations, maximum, and minimum values were subsequently calculated for each parameter.

Statistical analysis {#Sec7}
--------------------

Descriptive statistical analyzes were performed using Stata 15.0 software (Stata Corporation, College Station, TX, USA) and R version 4.0.0 (2020-04-24)---"Arbor Day" Copyright (C) 2020 The R Foundation for Statistical Computing. The data were subjected to descriptive statistical analysis calculating measures of the central tendency and dispersion. The normality and homogeneity of the variables were evaluated using the Shapiro-Wilk and Bartlett's tests, respectively. In non-compliance with the assumptions, it was decided to use non-parametric tests such as the Friedman test for repeated measures in three times and as post hoc the Nemenyi test for multiple comparisons to identify pairs with significant differences. A significance level of 5% (*p* \< 0.05) was considered for the statistical results of the tests.

A logistic regression to study the association among gender, age, smoke, side, type of edentulism, ostium position, and the patency of the infundibulum after surgery was performed.

Results {#Sec8}
=======

In the present observational retrospective study, the CBCTs of seventy-two sinuses, from fifty-nine mulatto patients (Table [2](#Tab2){ref-type="table"}), have been evaluated in three different periods (two-hundred sixteen CBCT in total): before sinus floor augmentation (T0), and after 1 week (T1w) and 9 months (T9m). The visits, the surgical procedures, and the follow-up were performed in the clinic of the University Corporation Rafael Núñez of Cartagena de Indias, Colombia, from August 2015 to March 2018. Table 2Demographic and clinical data. Patients, *n* = 59; sinuses, *n* = 72GenderAge (years)SmokersSideType of edentulismOstium position39 females; 20 males53.3 ± 9.1Name42 right; 30 left58 partial, 14 total21 PM1, 31 PM2, 20 M1

Clinical report {#Sec9}
---------------

Fifty-nine patients, 39 females and 20 males with a mean age of 53.3 ± 9.1 years, were included in the study (Table [2](#Tab2){ref-type="table"}). The CBCTs of forty right and thirty-two left maxillary sinuses treated for floor augmentation were analyzed. All access windows were prepared grinding the bone with a diamond insert (SFS 109 029, Komet-Brasseler-GmbH, Germany) mounted on a sonic-air surgical instrument (Sonosurgery® TKD, Calenzano, Fi - Italy). Two different xenografts were used as filler material: a collagenated cortico-cancellous porcine bone (OsteoBiol Gen-Os®, 250--1000 μm, Tecnoss, Giaveno, Italy) or a bovine cancellous bone (Cerabone®, 1.0-2.0 mm, Botiss Biomaterials GmbH, Zossen, Germany). Six perforations of the sinus mucosa occurred during surgery; all protected with a collagen membrane. No not-expected complications, such as infections or relevant loss of biomaterial, were observed during the visits, and no complaints were reported by the patients.

CBCT imaging evaluation---coronal view (Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}) {#Sec10}
-------------------------------------------------------------------------------------------------------------

In the coronal view, the mean distance between the floor and the maxillary sinus ostium (MSO) was 33.3 ± 3.6 mm and the mean length of the infundibulum was 8.8 ± 1.8 mm. The mean diameter of the MSO was at T0 1.8 ± 0.5 mm, at T1w 1.1 ± 0.6 mm, and at T9m 1.5 ± 0.8 mm. A loss of patency in the infundibulum was found in three cases before surgery at T0 (4.2%), in fourteen cases at T1w (19.4%), and in one case at T9m (1.4%). In this last case, it was not possible to find a clear patency for the entire length of the infundibulum throughout the MSO. Moreover, no accessory maxillary sinus ostia were found in this patient. Nevertheless, no pathological signs were found within the sinus, and the mucosa presented normal dimensions. No complaints were reported by the patient. The differences between the three times were statistically significant (*p* value = 0.0001) as evaluated by the Friedman test. Performing post hoc analysis by the Nemenyi test, it was observed that there were significant differences between T0 and T1w, between T0 and T9m, and between T0 and T9m. Table 3Radiographic anatomical data in the coronal view taken at the different periods of healing. Data in millimeters or square millimeters only for the mucosa areaMeanSDIQRMin-maxp50\*\**p*\*MSO diameter T01.830.540.540.94-4.61.77^a^0.0001\* T1w1.070.650.710-2.641.17^a^ T9m1.550.770.520-6.421.40^a^Virtual mucosa thickness T02.743.971.980.31-19.181.38^a^0.0001\* T1w7.707.066.510.46-31.175.38^ab^ T9m1.651.981.380.31-11.420.98^b^Virtual mucosa area T037.1852.5228.33.8-280.816.76^a^0.0001\* T1w184.49153.78239.515.34-581.38140.8^ab^ T9m34.0350.7223.455.73-283.0115.52^b^CBCTs taken at T0 (before surgery), at T1w (1 week after surgery), and at T9m*SD* standard deviation, *IQR* interquartile range, *MSO* maxillary sinus ostium\*Friedman test, *p* \< 0.05 significant\*\*Nemenyi test post hoc: equal letters significant differences *p* \< 0.05Table 4Radiographic changes over the three periods evaluated in the coronal view. Data in millimeters or square millimeters only for the virtual mucosa areaΔ Ostium diameterΔ Virtual mucosa thicknessΔ Virtual mucosa areaΔ Distance between ostium and edema**Mean values** ± SDMinimum; maximumT1w--T0**− 0.8** ± 0.7**−** 2.1; 1.4**5.0** ± 7.1**−** 4.0; 29.6**147.3** ± 154.3**−** 33.5; 555.8--T9m--T1w**0.5** ± 0.7**−** 0.6; 3.8**− 6.0** ± 7.0**−** 30.6; 5.0**− 150.5** ± 150.9**−** 561.0; 36.8**12.3** ± 9.8**−** 0.1; 31.6T9m--T0**− 0.3** ± 0.9**−** 1.7; 5.2**− 1.1** ± 3.8**−** 14.1; 10.8**− 3.1** ± 52.3**−** 93.2; 274.3--CBCTs taken at T0 (before surgery), at T1w (1 week after surgery), and at T9m*SD* standard deviation

The mean virtual sinus mucosa thickness increased from 2.7 ± 4.0 mm at T0 to 7.7 ± 7.1 mm at T1w and decrease to 1.7 ± 2.0 mm at T9m. The differences between the three times were statistically significant (*p* value = 0.0001) as evaluated by the Friedman test. Performing post hoc analysis by Nemenyi test, it was observed that there were significant differences between T0 and T1w and between T1w and T9m.

The virtual area of the sinus mucosa was 37.1 ± 52.5 mm^2^ at T0 and increased to 184.5 ± 153.8 mm^2^ at T1w and decreased to 34.0 ± 50.7 mm^2^ at T9m. The distance between the MSO and the edematous palatal mucosa was at T1w 10.3 ± 9.5 mm and at T9m 22.6 ± 7.1 mm. The differences between the three times were statistically significant (*p* value = 0.0001) as evaluated by the Friedman test. Performing post hoc analysis by Nemenyi test, it was observed that there were significant differences between T0 and T1w and between T1w and T9m.

Data categorized for the type of edentulism and gender are reported in Table [5](#Tab5){ref-type="table"}. Table 5Radiographic anatomical data in the coronal view divided by gender and type of edentulism. Data in millimetersFloor to MSOMSO diameterVirtual mucosa thicknessTOT1wT9mTOT1wT9m**Mean values** ± SDFemale**33.2** ± 3.3**1.8** ± 0.4**1.0** ± 0.6**1.4** ± 0.5**2.9** ± 4.0**6.0** ± 4.6**1.7** ± 2.2Male**33.5** ± 4.2**1.8** ± 0.7**1.2** ± 0.7**1.9** ± 1.1**2.4** ± 4.0**10.6** ± 9.5**1.5** ± 1.4Partial**33.6** ± 3.4**1.8** ± 0.6**1.1** ± 0.6**1.5** ± 0.8**3.0** ± 4.4**7.9** ± 6.3**1.7** ± 2.2Total**32.2** ± 4.2**1.8** ± 0.5**1.1** ± 0.7**1.6** ± 0.4**1.8** ± 1.3**6.9** ± 10.0**1.3** ± 0.9*SD* standard deviation, *MSO* maxillary sinus ostium, *T0* before surgery, *T1w* 1 week after surgery, *T9m* after 9 months after surgery

Accessory maxillary ostia (AMO) were found in seven sinuses (three females and four male patients) presenting a mean diameter of 1.9 ± 0.5 mm, slightly larger than that of the main ostia in the same patients (1.7 ± 0.53 mm). These AMOs were positioned posteriorly to the primary MSO of about 10.9 ± 2.2 mm, at a distance from the *X*-axis of 18.3 ± 4.0 mm, a value closer to the *X*-axis compared to the primary MSO in the same sinuses (26.0 ± 3.1 mm). The difference was statistically significant (*p* = 0.018).

CBCT imaging evaluation---lateral view (Table [6](#Tab6){ref-type="table"}) {#Sec11}
---------------------------------------------------------------------------

The virtual mucosal area was 61.8 ± 77.9 mm^2^. The area increased to 289.5 ± 240.3 mm^2^ at T1w and decreased to 59.2 ± 89.3 mm^2^ at T9m. The differences between the three times were statistically significant (*p* value = 0.0001) as evaluated by the Friedman test. Performing post hoc analysis by Nemenyi test, it was observed that there were significant differences between T0 and T1w and between T1w and T9m. The vertical extension of the mucosal edema at T1w above (−) or below (−) the *Z*-axis was 11.9 ± 9.7 mm at the mesial aspect and 12.4 ± 9.9 mm at the distal aspect. At T9m, these distances were 2.2 ± 5.5 mm and 2.0 ± 5.4 mm, respectively. The differences between the two times were statistically significant (*p* value = 0.0001) as evaluated by the Wilcoxon test. Table 6Radiographic anatomical data in the lateral view taken at the different periods of healing. Data in millimeters or square millimeters only for the virtual mucosa areaMeanSDIQRMin-maxp50\*\**p*\*Virtual mucosa area T061.7577.8761.297.33--397.7124.25^a^0.0001\* T1w289.54240.34380.187.31--970.39214.86^ab^ T9m59.1689.2646.858.8--575.9425.08^b^Mesial vertical extension above (+) or below (−) the *Z*-axis T1w11.879.7217.77− 5.73--30.0212.230.0001\*\*\* T9m2.1945.498.02− 6.75--18390Distal vertical extension above (+) or below (−) the *Z*-axis T1w12.389.8715.12− 7.03--36.0311.670.0001\*\*\* T9m2.0325.405.38− 7.49--19.030 T1w10.349.5216.21− 1.71--30.288.660.0001\*\*\* T9m22.647.169.802.03--34.6524.44*SD* standard deviation, *IQR* interquartile range CBCTs taken at T0 (before surgery), at T1w (1 week after surgery), and at T9m (9 months after surgery)\*Friedman test, *p* \< 0.05 significant\*\*Nemenyi test post hoc: equal letters significant differences *p* \< 0.05\*\*\*Wilcoxon test *p* \< 0.05 significant

No associations were found among gender, age, smoke, side, type of edentulism, ostium position, and the patency of the infundibulum at T0, T1w, and T9m (Table [7](#Tab7){ref-type="table"}). Table 7Multiple logistic regression patency of the factors age and genderPatency T0*B*SE*Z* value*p* value\[95% CI\]Odds ratioGender− 0.521.38− 0.370.71− 3.21--2.180.59Age0.060.080.710.48− 0.10--0.221.06Intercept− 6.364.78− 1.330.18− 15.74--3.010.001**Patency T1w** Gender− 0.420.69− 0.610.541− 1.76--0.920.66 Age− 0.00070.04− 0.020.984− .071--0.070.99 Intercept− 1.241.98− 0.630.530− 5.11--2.630.28**Patency T9m** Gender01 Age− 0.09.12− 0.770.444− .34--0.340.91 Intercept1.0266.0410.170.87− 10.81--10.812.79*B* estimated logistic coefficient, *SE* standard error of the coefficient

Discussion {#Sec12}
==========

The aim of the present study was to evaluate the involvement of the maxillary sinus ostium (MSO) in the edematous processes after a sinus floor augmentation procedure.

These edematous processes contributed to an increase of the mean virtual mucosa thickness from 2.7 mm, registered before surgery, to 7.7 mm after 1 week. Nine months after floor augmentation, the thickness decreased to 1.7 mm.

The initial thickness of the virtual sinus mucosa was higher compared to the 2 mm in thickness reported in another clinical study on patients scheduled for sinus floor augmentation \[[@CR18]\]. Nevertheless, in that study, about 70% of cases presented mucosae thickness ≤ 3 mm, while in the present study, 78% of the mucosae had a thickness ≤ 3 mm. Moreover, it has to be considered that the thickness of the sinus mucosa is different in various regions of the sinus \[[@CR19]\].

In the present study, the virtual thickness of the sinus mucosa increased by 5 mm after 7 days from surgery, and the virtual area increased by 147.3 mm^2^. After 9 months, both virtual mucosa thickness and area regressed to values similar to or lower than those observed at the baseline. These outcomes are in agreement with a series of experimental and clinical studies \[[@CR4]--[@CR8]\].

On the radiographic evaluation, it was difficult to differentiate the sinus membrane from the subjacent sub-mucosal edema and bleeding that both contributed to a transient thickening and additional elevation of the sinus mucosa (transient mucosal thickening) \[[@CR6], [@CR8]\]. For this reason, in the present study, it was introduced the term "virtual" when referring to sinus mucosa thickness and area. Experimental \[[@CR5]\] and clinical studies \[[@CR15], [@CR16]\] reported data of the sinus mucosa thickening after sinus floor augmentation. After 5 days of healing from sinus floor elevation in monkeys \[[@CR5]\], both macro and microscopically were seen residues of clot filling the elevated space. In a clinical study \[[@CR15]\], fifty-three CBCTs were assessed in patients treated for sinus floor augmentation. The sinus mucosa showed an increase in volume immediately after surgery and a normalization of the volumes after 7.5 months on average. In another clinical study \[[@CR16]\], thirty-two maxillary sinus floor augmentations were performed and the CBCTs were taken before surgery and at different times afterward. The thickness before surgery was 0.75 mm and gradually increased to 2.36 mm, 4.14 mm, 6.05 mm, and 6.63 mm, respectively after 1, 2, 3, and 7 days. At the 6-month follow-up, the thickness returned to normality. Another clinical study \[[@CR7]\], the evaluation of CBCTs taken before sinus floor augmentation and after 1 week and 3 months showed that the edema was present in all augmented sinus after 1 week and that the mucosa thickness returned to normality in 96% of cases after 3 months.

The post-operative edema and bleeding that increase the mucosa thickness might also reach the region of the MSO and causing its obstruction and a possible impairment drainage capacity of sinus mucus. The reduction of the patency and obstruction of the MSO and infundibulum can lead to inflammatory and/or infectious processes of the sinus cavity, causing acute or chronic sinusitis \[[@CR20]--[@CR22]\].

In the present study, the MSO was located at an average distance of about 33.3 mm from the sinus floor, reporting a minimum value of 25.2 mm in one case, a distance far away from the areas interested by the floor elevation procedure. However, the increased transient mucosa thickness must be considered, especially at the palatal aspect of the sinus. In the present study, the mean distance between MSO and the highest extension of the edematous mucosa at the palatal aspect was 10.3 mm, so still far away from the MSO. However, when the data were evaluated individually, in eight cases, the edema reached the MSO.

The mean diameter of the MSO before surgery was 1.8 mm that was found reduced to 1.1 mm after 1 week. However, when the data were evaluated individually, in thirteen cases, the diameter of the MSO was = 0 and in twenty-six cases \< 1 mm. Three cases presented a loss of patency of the infundibulum before sinus floor augmentation, while 14 were detected after 1 week of healing, including two of the three infundibula that were already in such conditions before surgery. However, after 9 months of healing, the mean diameter of the MSO was 1.5 mm, and only one infundibulum was out of patency, a condition already exhibited after 1 week, but absent before surgery. Nevertheless, no signs of sinus pathology were detected radiographically and clinically after 9 months, and no complaints were reported by the patient. Moreover, the sinus mucosa presented lower thickness and area compared to the initial stage.

Data regarding the MSO involvement after sinus floor augmentation were reported in a prospective cohort study that evaluated the membrane thickness and ostium patency following sinus floor augmentation \[[@CR15]\]. Fifty-three patients were included in that study. The initial sinus mucosa thickness was 1.9 mm (range 0.47 mm; 8.42 mm), and 7 MSO (13%) were found obstructed before sinus floor elevation. Immediately after surgery, the swelling of the sinus mucosa increased the thickness to 4.07 mm and 16 (30%) obstructions were detected. After a mean of 7.5 months, the sinus mucosa thickness regressed to 1.9 mm and 5 (9.4%) obstructions were still observed.

The three obstructions of the infundibula found in the present study were all associated with a thickening of the virtual sinus mucosa. Two of these obstructions presented a mucus retention cyst that was drained at the surgical session. A retrospective study on 310 maxillary sinuses evaluated in 156 CBCTs reported a frequency of 12.9% of mucus retention cysts, of which only 28.6% were found on the floor of the sinus \[[@CR23]\]. In the other obstruction reported in the present study, no cysts could be detected and no connections with other pathologies could be associated, such as allergies or heavy smoke. These patients with an initial obstruction of the infundibula were partially dentate so that the thickening of the Schneiderian mucosa could be ascribed to some dental pathologies suffered by the patients.

In the present study, seven accessory maxillary ostia (AMO) were detected, reaching a fraction of 9.7% of the total sinuses evaluated. This percentage was lower than that reported by another tomographic study (17.9%) in which younger patients were included compared to the present study \[[@CR22]\]. In that study, it was shown that patient age and status of dentition were influencing factors on the number of AMOs. The mean distance of the accessory ostia from the *X*-axis was 7.8 mm, closer to the *X*-axis compared to the primary MSO.

Six sinus mucosae were perforated in the present study during surgery, and they were protected with a collagen membrane. No obliteration of the MSO and infundibulum were detected at any period of evaluation in those cases, and the sinus mucosa was thinner in all periods evaluated compared to the mean values of all sinuses evaluated.

As an exploratory aim, the data were categorized according to gender and type of edentulism (Table [5](#Tab5){ref-type="table"}). A stronger edema reaction in the sinus mucosa was observed in male compared to female patients. It is interesting to note that this higher width of the sinus mucosa in males was mainly due to ten sinuses in nine patients that presented a baseline mean thickness of 2.1 mm that increased after 1 week to a mean of 21.2 mm. Conversely, the remaining male patients presented a mean baseline virtual thickness of 2.6 mm that increased to 4.0 mm after 1 week of healing. The difference in virtual mucosa thickness after 1 week might be ascribed to different post-surgical bleeding in the subantral space in the two groups of male patients. Nevertheless, further studies should be performed to evaluate possible correlations between the post-surgery virtual thickness of the mucosa and anatomical structures, nasal pathologies, and systemic conditions.

Moreover, after 9 months of healing, a restoration of a normal ostium diameter was observed in males, while female patients presented a loss of \~ 22% of the diameter.

At the baseline, the sinus mucosa was thicker at the partial compared to the fully edentulous patients. This is in agreement with a retrospective study in which 338 sinuses in 169 patients were evaluated in CBCTs \[[@CR24]\]. It was found that a thickening of the sinus mucosa, defined as radiodensity, was present in 16.6% of patients and 10.4% sinuses. Moreover, the proportions of these "radiodensities" were higher at the dentate (62.9%) compared to the partially edentulous (34.2%) and the full edentulous (2.9%) patients. It can be argued that in the partially edentulous patients, apical or periodontal pathologies in the distal maxillary segments might be still present. These pathologies might affect the sinus mucosa thickness \[[@CR25]--[@CR27]\]. Moreover, it has been shown that the treatment of apical lesions \[[@CR27]\] or the extraction of teeth with pathologies \[[@CR25], [@CR28]\] might reduce the sinus mucosa thickness over time.

However, after 9 months, the reduction in sinus mucosa thickness was higher at the partial compared to the fully edentulous patients. The ostium diameter was similar in both groups in all periods examined.

From a clinical point of view, before sinus lifting, it is important to evaluate not only the presence of sinusal pathologies but also, among the various risk factors considered \[[@CR29]\], the patency of the ostium to consent a proper sinusal drainage. CBCTs including the full length of the infundibulum, from the ostium to the hiatus semilunaris, should be performed to allow a correct evaluation of the patency of the entire sinusal drainage tract. Moreover, due to the transient edema of the sinus mucosa and the reduction of the patency of the ostium after sinus lifting, a strict monitoring of the general and local health conditions is recommended to disclose as earlier as possible the signs of complications such as sinusitis.

As limitations of the present retrospective analysis, it should be considered that all patients were not smokers and that 3D data were not available. Moreover, CBCT with a higher image definition should be performed to obtain more accurate data.

In conclusion, 1 week after sinus floor augmentation, the maxillary sinus mucosa increased in dimensions and in several cases involved the ostium, reducing its diameter and producing a transient loss of patency. After 9 months of healing, the initial conditions were recovered.
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